Introduction: "Dual use" refers to the concurrent use of tobacco cigarettes (smoking) and electronic cigarettes (e-cigarettes; vaping). Although dual use is common among e-cigarette users, there is little evidence regarding biomarkers of exposure among dual users and how these change under different conditions of product use. Methods: A nonblinded within-subjects crossover experiment was conducted with adult daily dual users (n = 48) in Ontario, Canada. Participants completed three consecutive 7-day periods in which the use of tobacco cigarettes and e-cigarettes was experimentally manipulated, resulting in four study conditions: Dual use, Tobacco cigarette use, E-cigarette use, and No product use. Repeated measures models were used to examine changes in product use and biomarkers of exposure. Results: Compared to dual use, cotinine remained stable when participants exclusively smoked (p = .524), but significantly decreased when they exclusively vaped (p = .027), despite significant increases in e-cigarette consumption (p = .001). Levels of biomarkers of exposure to toxicants, including carbon monoxide (CO), 1-hydroxypyrene (1-HOP), and 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL), were significantly lower when participants exclusively vaped than when they engaged in dual use (CO = −41%, p < .001; 1-HOP = −31%, p = .025; NNAL = −30%, p = .017). Similar findings were observed among participants abstaining from both products as compared to dual use (CO: −26%, p < .001; 1-HOP = −14% [ns]; NNAL = −35%, p = .016). In contrast, levels of biomarkers of exposure increased when participants exclusively smoked as compared to dual use (CO = +21%, p = .029; 1-HOP = +23%, p = .048; NNAL = +8% [ns]). Conclusions: Although dual use may reduce exposure to tobacco smoke constituents to some extent, abstaining from smoking is the most effective way to reduce such exposure. Implications: Public health authorities should clearly communicate the relative risk of e-cigarettes and tobacco cigarettes to the general public, focusing on two salient points: (1) e-cigarettes are not harmless, but they are less harmful than tobacco cigarettes; and (2) using e-cigarettes while smoking may not necessarily reduce health risks; therefore, consumers should stop smoking completely to maximize potential health benefits.
Introduction
Electronic cigarettes (e-cigarettes) are alternative nicotine delivery devices whose popularity worldwide continues to grow. 1, 2 E-cigarettes typically contain nicotine and are available in a wide range of flavors and product classes, including disposable products and "tank" systems. 1, 3 To date, evidence regarding the health effects of e-cigarettes suggests that they are likely to be harmful, but almost certainly less harmful than tobacco cigarettes. 4 "Dual use"-the concurrent use of e-cigarettes and tobacco cigarettes-is the most common pattern of e-cigarette use. For instance, 63% and 70% of current vapers in Canada and the United States, respectively, also smoke tobacco cigarettes. 5, 6 Although the reasons for using e-cigarettes most frequently reported by dual users are to quit or reduce their smoking, [7] [8] [9] [10] [11] it remains unclear to what extent dual users substitute tobacco cigarettes with e-cigarettes, and what, if any, impact this may have on their health.
Biomarkers of exposure are an important short-term indicator of the potential health risk of e-cigarettes. Several switching studies have prospectively examined changes in biomarker levels following a complete or partial switch from tobacco cigarettes to e-cigarettes, demonstrating that e-cigarettes expose users to nicotine but not to by-products of tobacco combustion. With respect to nicotine, evidence indicates that e-cigarettes vary greatly in their nicotine delivery potential. 12 This variability is reflected in switching studies, which show that some, but not all, smokers have successfully switched from tobacco cigarettes to e-cigarettes, compensating for nicotine via a new nicotine-delivering product. 10, [13] [14] [15] [16] [17] [18] [19] To date, several studies indicate that e-cigarettes do not expose users to carbon monoxide [13] [14] [15] [16] [17] [18] [20] [21] [22] [23] ; however, evidence regarding other tobacco smoke constituents is limited. Comparative analyses indicate that exposure to polycyclic aromatic hydrocarbons (PAHs) was significantly lower among exclusive vapers compared to smokers. 24 However, switching studies have reported mixed findings: although an industry-sponsored study reported significant decreases in PAH exposure among clinically confined subjects who completely switched to exclusive vaping, dual use, or who gave up tobacco and nicotine products entirely, 18 a naturalistic study reported significant declines in some PAH biomarkers, but no change in others. 17 With respect to tobacco-specific nitrosamines (TSNAs), comparative analyses have shown that exposure to the TSNA 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) was significantly lower among exclusive vapers as compared to smokers and dual users. [24] [25] [26] In addition, independent and industry-sponsored switching studies have shown that exposure to TSNAs declined significantly following complete smoking abstinence. [16] [17] [18] Switching studies published to date have several notable limitations. First, many studies have examined early-generation devices, which provided less efficient nicotine delivery. 13, 14 Second, most study participants were completely or partially naive to e-cigarette use at the time of the switch, 10, 14, 15, 17 which may have implications for how these products are used, given the learning curve associated with e-cigarette adoption. 27 Third, in only one study participants were allowed to select their e-cigarette flavor and nicotine concentration, 15 despite evidence showing that vapers view the selection of such product characteristics as highly important with respect to satisfaction, nicotine delivery, and smoking reduction and cessation. 28, 29 As a result, many switching studies are limited in their external validity.
Finally, very few switching studies have examined dual use of tobacco cigarettes and e-cigarettes. 14, 15 This constitutes a critical evidence gap, given that in many countries, most e-cigarette users are dual users. Therefore, this study examined exposure to nicotine and tobacco smoke constituents among dual users in the context of several product switches in a naturalistic setting.
Methods

Participants
A nonblinded within-subjects experiment was conducted with adult (aged 18 years and over) dual users of tobacco cigarettes and e-cigarettes in Kitchener−Waterloo and Toronto, Ontario. Dual users were identified as current daily tobacco cigarette smokers (had smoked ≥100 cigarettes in their lifetime, and smoked ≥5 cigarettes/day) and current daily e-cigarette users (had used an e-cigarette at least once a day for each of the past 7 days). Study eligibility also required the absence of the following: serious intentions to quit smoking in the next 6 months; use of other tobacco products in the past 7 days; use of nicotine replacement therapy in the past 7 days; use of any smoking cessation medications in the past 7 days; participation in individual or group counseling programs for smoking cessation in the past 7 days; experience of serious cardiac health issues; experience of a heart attack or stroke within the last 3 months; experience of cancer within the last year; experience of asthma, chronic obstructive pulmonary disease, a seizure disorder, or any life-threatening medical conditions with a prognosis of less than a year; and a history of psychosis, schizophrenia, bipolar disorder, or suicidal thoughts.
Participants were recruited from September 2015 to March 2016 via advertisements placed in newspapers, online, and in local vape shops, and received $295 for participating in the study. The study received clearance from the University of Waterloo's Office of Research Ethics.
Study Design and Protocol
Participants completed three consecutive 7-day periods in which the use of tobacco cigarettes and e-cigarettes was experimentally manipulated, resulting in four study conditions: (Figure 1 ).
Participants were asked to attend four laboratory visits: at baseline and after each of the 7-day periods. At each visit, participants completed a 20-minute questionnaire regarding their smoking and vaping behaviors. Participants were also asked to provide a "spot" urine sample, which was frozen at −20°C immediately afterward, and two exhaled breath samples, which were measured using Bedfont Micro 4 Smokerlyzer and piCO+ Smokerlyzer machines (Bedfont Scientific Ltd). Throughout the study, participants were asked to complete a 5-minute online daily diary about their consumption of tobacco cigarettes and e-cigarettes.
Measures
Nicotine dependence for tobacco cigarettes was assessed at baseline using the Fagerström Test for Cigarette Dependence (FTCD). The measure was also adapted to assess nicotine dependence for e-cigarettes by substituting the words "smoke cigarettes" with "use e-cigarettes". Across study conditions, patterns of use for each product were examined via self-reported questionnaire measures. Daily consumption of tobacco cigarettes and e-cigarettes was assessed using the questions "In the past 7 days, on average, how many cigarettes did you smoke per day?" and "In the past 7 days, on average, how many times did you use an e-cigarette per day?" The number of times e-cigarettes were used per day (bouts) was defined as an instance of at least one puff. Time to first use was assessed for each product using the question "In the past 7 days, on average, how soon after waking did you smoke (use) your first cigarette (e-cigarette)?," with the following response options: "within 5 minutes," "6-30 minutes," "31-60 minutes," and "after 60 minutes." Subjective measures, such as symptoms of nicotine withdrawal and self-efficacy for quitting, were also assessed, but are not presented here.
Several biomarkers of exposure were examined in this study. Carbon monoxide was measured in exhaled breath to provide an indication of recent inhalation of tobacco smoke (half-life: 4 hours). 30 Urinary concentration of cotinine, a major proximate metabolite of nicotine, was measured to assess exposure to nicotine (half-life: 16 hours). 30, 31 Urinary concentrations of 1-hydroxypyrene (1-HOP) and 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL) were measured to examine carcinogen exposure: 1-HOP is the major urinary metabolite of pyrene, a noncarcinogenic component of all PAH mixtures and a by-product of tobacco combustion (half-life: 19 hours) 32 ; and total NNAL (free unconjugated form and its glucuronides) is a metabolite of the TSNA NNK (half-life: 40-45 days). 35 and urinary total NNAL. 36 All urinary biomarkers were adjusted for creatinine.
Statistical Analysis
Changes in key outcomes were examined across study conditions. Values below the limit of quantitation were substituted with constants (limit of quantitation/(√2)). Log transformations were applied to address violations from normality for several continuous outcomes (cotinine, 1-HOP, NNAL). For each key outcome, means were computed at baseline and for each study condition. Repeated measures analyses were conducted to examine mean differences for each outcome across study conditions, while accounting for correlated measurements within subjects. Covariates included the following: assigned condition order (Group A, Group B), baseline nicotine dependence (FTCD score), e-cigarette product type (tank system, other), and e-cigarette nicotine content (nicotine present, nicotine absent). Analyses were conducted using SPSS v. 24 (Chicago, IL).
Results
Sample Characteristics
Of the 293 individuals screened for study eligibility, 60 were deemed eligible. Following post hoc exclusions of those who failed to attend all study visits (n = 3), and those with very low (<5 ppm) carbon monoxide levels at baseline (n = 9), 48 participants comprised the analytic sample. Characteristics of the sample are shown in Table 1 . Dual users had a mean age of 36 (SD = 11.7) years, were mostly male (71%) and white (71%), and exhibited low-to-moderate cigarette dependence (FTCD score: 4.7 [SD = 1.9]). Nicotine dependence for tobacco cigarettes was greater than that for e-cigarettes, at 4.7 (SD = 1.9) and 3.0 (SD = 2.1), respectively (t = 4.864, p < .001). Study participants had smoked and vaped daily for 17.4 (SD = 12.2) and 1.2 (SD = 0.9) years, respectively, and all reported initiating smoking before vaping. Virtually all dual users reported using tank systems (92%) and e-cigarettes with nicotine (94%). The study sample included three participants who reported exclusively vaping e-cigarettes without nicotine at baseline. Although inclusion of these participants may have impacted biomarker analyses, sensitivity analyses (data not shown) yielded nonzero levels of urinary cotinine for these subjects across all study conditions, and adjustment for e-cigarette nicotine content in the biomarker analyses yielded no significant effects; thus, these participants were retained in the analytic sample. Common e-liquid flavors included fruit (50%), tobacco (42%), and candy (42%). Among those who reported using e-cigarettes with nicotine (n = 45), nicotine concentrations less than or equal to 14 mg/mL were most commonly used (71%).
To test whether randomization of participants was successful, several baseline measures were examined by assigned condition order (Group A, Group B) using independent t tests. Analyses indicated no significant differences by assigned condition order (data not shown).
Patterns of Product Use
Patterns of "permitted" (products participants were asked to use) and "non-permitted" (products participants were asked not to use) tobacco cigarette and e-cigarette use across study conditions are presented in Table 2 . Throughout the study, between 54% and 58% participants smoked non-permitted tobacco cigarettes, and between 25% and 31% participants used non-permitted e-cigarettes. Participants reported smoking a significantly greater number of non-permitted tobacco cigarettes per day in the No product use condition compared to the E-cigarette use condition (t = −3.31, p = .003), although time to first use for this product did not differ across these study conditions (t = 1.27, p = .218). With respect to non-permitted e-cigarettes, daily consumption and time to first use did not differ significantly across conditions (t = 0.28, p = .790 and t = 1.16, p = .283, respectively).
Changes in patterns of permitted product use were compared across study conditions, as shown in Table 2 . A repeated measures model examining daily tobacco cigarette consumption across study conditions yielded a significant effect of condition (F = 7.89, p = .008): daily tobacco cigarette consumption was significantly higher in the condition of Dual use compared to the Tobacco cigarette use condition (mean difference = 1.40, 95% CI = 0.39% to 2.40%, p = .008). There was no significant condition × condition order interaction (F = 2.99, p = .091) ( Table 2) .
A repeated measures model examining time to first tobacco cigarette across study conditions yielded no statistically significant differences (F = 1.60, p = .213). However, a significant interaction between assigned condition order and condition (F = 5.29, p = .027) was observed. Stratified analyses indicated that the main (null) effect of condition (described earlier) held for Group B participants (F = 0.61, p = .444). In contrast, a significant effect of condition was detected for Group A participants (F = 5.07, p = .036): time to first tobacco cigarette was significantly lower in the condition of Dual use as compared to the Tobacco cigarette use condition (mean difference = −0.33, 95% CI = −0.64% to −0.03%, p = .036) ( Table 2) .
As shown in Table 2 , analyses examining daily e-cigarette consumption across study conditions yielded a significant effect of condition (F = 10.11, p = .003): daily e-cigarette consumption was significantly higher in the E-cigarette use condition compared to the Dual use condition (mean difference = 6.21, 95% CI = 2.27% to 10.15%, p = .003). No significant effect was detected for the interaction of condition and assigned condition order (F = 0.01, p = .921).
Further, significant differences in time to first e-cigarette use across study conditions were also observed (F = 24.00, p < .001): time to first e-cigarette was significantly lower in the E-cigarette use condition compared to the Dual use condition (mean difference = −0.88, 95% CI = −1.25% to −0.52%, p < .001). There was no significant condition × condition order interaction (F = 0.59, p = .446) ( Table 2 ). Table 2 presents biomarkers of exposure across study conditions as well as changes across study conditions relative to the condition of Dual use.
Exposure to Nicotine and Tobacco Smoke Constituents
Urinary levels of creatinine-corrected cotinine differed significantly by study condition (F = 5.79, p = .002): urinary cotinine was significantly higher in the Dual use condition compared to the E-cigarette use condition (mean difference = 1.60, 95% CI = 1.06% to 2.42%, p = .027) and the No product use condition (mean difference = 2.26, 95% CI = 1.31% to 3.92%, p = .004). In addition, urinary cotinine was significantly higher in the Tobacco cigarette use condition compared to the E-cigarette use condition (mean difference = 1.73, 95% CI = 1.21% to 2.46%, p = .003) and the No product use condition (mean difference = 2.44, 95% CI = 1.51% to 3.97%, p = .001). There was no significant condition × condition order interaction (F = 0.88, p = .462) ( Table 2) .
A repeated measures model examining exhaled carbon monoxide across study conditions yielded a significant effect of condition (F = 10.12, p < .001): exhaled carbon monoxide was significantly higher in the Tobacco cigarette use condition compared to the Dual use condition (mean difference = 3.85, 95% CI = 0.42% to 7.29%, p = .029), E-cigarette use condition (mean difference = 10.72, 95% CI = 6.43% to 15.01%, p < .001), and No product use condition (mean difference = 8.41, 95% CI = 4.78% to 12.04%, p < .001). In addition, carbon monoxide was significantly higher in the Dual use condition compared to the E-cigarette use condition (mean difference = 6.86, 95% CI = 3.79% to 9.94%, p < .001) and the No product use condition (mean difference = 4.56, 95% CI = 1.52% to 7.60%, p = .004) ( Table 2) . Urinary 1-HOP also differed across study conditions (F = 4.77, p = .006): urinary 1-HOP was significantly higher in the Tobacco cigarette use condition compared to the Dual use condition (mean difference = 1.28, 95% CI = 1.00% to 1.63%, p = .048), E-cigarette use condition (mean difference = 1.78, 95% CI = 1.29% to 2.47%, p = .001), and No product use condition (mean difference = 1.41, 95% CI = 1.10% to 1.81%, p = .009). In addition, urinary 1-HOP was significantly higher in the Dual use condition compared to the E-cigarette use condition (mean difference = 1.40, 95% CI = 1.04% to 1.86%, p = .025). There was no significant condition × condition order interaction (F = 1.88, p = .148) ( Table 2) .
Levels of urinary NNAL across study conditions showed a similar pattern of results (F = 4.59, p = .007): urinary NNAL was significantly higher in the Tobacco cigarette use condition compared to the E-cigarette use condition (mean difference = 1.52, 95% CI = 1.17% to 1.96%, p = .002) and the No product use condition (mean difference = 1.57, 95% CI = 1.22% to 2.02%, p = .001). In addition, urinary NNAL was significantly higher in the Dual use condition compared to the E-cigarette use condition (mean difference = 1.41, 95% CI = 1.07% to 1.87%, p = .017) and the No Nicotine dependence for tobacco cigarettes was assessed using the Fagerström Test for Cigarette Dependence (FTCD). An adapted version of the FTCD, in which the words "smoke cigarettes" were substituted with "use e-cigarettes", was used to assess nicotine dependence for e-cigarettes. E-cigarette = electronic cigarette Gray-shaded areas indicate use of "non-permitted" products, for each study condition. Measures of patterns of use for non-permitted products were obtained through self-reported responses collected from participants' daily diaries, whereas those for permitted products (white areas) were obtained through self-reported responses collected from scheduled laboratory visits. Summary statistics for use of non-permitted products are presented for the subset of participants who reported using a given product. CI = confidence interval; CO = carbon monoxide; e-cigarette = electronic cigarette; ppm = parts per million; 1-HOP = 1-hydroxypyrene;
Conditions with different superscript letters were significantly different from one another, p < .05. *Significant differences in biomarkers of exposure compared to the condition of Dual use, p < .05. 1 Daily product consumption measured as: cigarettes smoked per day, in the past 7 d for tobacco cigarettes; and number of "bouts" per day, in the past 7 d (bout defined as an instance of at least one puff), for e-cigarettes. 2 Mean time to first use calculated for recoded variable as a continuous measure ranging from 0 (within 5 min) to 3 (after 60 min). 3 Geometric mean.
product use condition (mean difference = 1.47, 95% CI = 1.08% to 2.00%, p = .016). There was no significant condition × condition order interaction (F = 1.26, p = .301) ( Table 2 ).
Discussion
In this study, participants were able to effectively maintain nicotine intake when they switched from dual use to smoking. This stability of cotinine levels is consistent with published studies examining switching from exclusive smoking to dual use. 15, 19 In contrast, compared to dual use, participants' cotinine levels were significantly lower when they exclusively vaped, despite significant increases in self-reported e-cigarette consumption, including increased daily use of e-cigarettes and use earlier in the day, suggesting that participants exhibited compensatory behavior with respect to e-cigarettes. However, this behavioral change appeared insufficient to maintain cotinine levels in contrast to several studies in which smokers maintained stable cotinine levels while using advanced e-cigarette products. 10, 15, 26 Although the vast majority of dual users in this study reported using tank systems and e-liquids with nicotine, the nicotine delivery potential of these devices was not tested and may account for these results. Indeed, similar levels of cotinine among study participants across conditions of exclusive vaping and no product use support the notion that participants' e-cigarette devices may have been limited in their ability to deliver nicotine.
Levels of several biomarkers of tobacco smoke exposure, including exhaled carbon monoxide, 1-HOP, and NNAL, were consistently lower when participants exclusively vaped compared to when they engaged in dual use. Reductions in exposure to carbon monoxide are consistent with published studies examining smokers' switch to use of e-cigarettes. [13] [14] [15] [16] [17] [18] 20, 21, 23 In addition, reductions in exposure to pyrene and the carcinogen NNK support published comparative analyses between vapers and smokers, 24, 25 as well as switching studies. [16] [17] [18] Biomarkers of exposure were also reduced when participants abstained from both tobacco cigarettes and e-cigarettes, as compared to dual use. Significant reductions were observed for carbon monoxide and NNK when participants used neither product; although levels of 1-HOP also decreased, this difference was not statistically significant. In addition, although exposure to all examined tobacco smoke constituents decreased when participants were not permitted to smoke nor vape, exposure did not reduce to nil. This is likely due to some respondents continuing to smoke tobacco cigarettes, as well as slow clearance of some biomarkers, particularly NNAL. 33 It may also reflect the presence of contaminants in e-cigarette products, or other sources of environmental exposure, particularly for PAHs. 30 Exposure to carbon monoxide and PAHs was significantly greater when individuals exclusively smoked as compared to when they engaged in dual use (21% and 23%, respectively). With respect to this comparison, a nonsignificant increase in exposure to NNK was also observed (8%). These findings are generally consistent with two published switching studies. First, in a switching study with 4-week follow-up, McRobbie et al.
14 reported significant reduction in exposure to carbon monoxide among smokers taking up e-cigarettes, with greater reduction observed among exclusive vapers as compared to dual users (80% vs. 52%). Further, in an industry-sponsored 1-week switching study, O'Connell et al. 18 reported similar findings, with all examined biomarkers showing a decreasing trend with decreasing tobacco cigarette consumption among parallel groups of smokers. Notably, greater reduction in exposure was observed in these switching studies when compared with findings from this study. These differing results may be accounted for by the inclusion of smokers with motivations to quit 14 and the clinical confinement of smokers 18 in these studies, which may have contributed to greater potential substitution of tobacco cigarettes with e-cigarettes and greater compliance with forced product switching.
To date, only one other study has examined tobacco-related biomarkers of exposure in real-world settings. Shahab et al. 26 examined a suite of biomarkers of exposure to TSNAs and volatile organic compounds in several groups of long-term nicotine product users. Cross-sectional comparative analyses indicated that exclusive vaping, but not dual use of tobacco cigarettes and e-cigarettes, was associated with lower levels of exposure to several tobacco smoke constituents, as compared to exclusive smoking. 26 Although the authors noted that their statistical power to detect small differences (such as that between dual users and exclusive smokers) was limited, the magnitude of observed differences in exposure was similar to that in this study, at least with respect to NNK exposure. This may reflect the fact that both studies assessed experienced nicotine product users in real-world settings.
Overall, study findings regarding exposure to tobacco smoke constituents are consistent with the product design and properties of e-cigarettes, which do not contain tobacco and do not undergo combustion when used, 1 and support research evidence suggesting that use of e-cigarettes is likely to be less harmful than smoking. 4 Although this study is unable to discern whether dual users reduce their tobacco cigarette consumption by substitution with e-cigarettes or simply use e-cigarettes alongside their usual smoking, it appears dual users use their products to achieve a desired level of nicotine, consistent with other research. 26, 37 Despite slight reductions in exposure associated with dual use, the findings demonstrate that abstaining from tobacco cigarettes is the most important factor in reducing exposure to toxic smoke constituents. Research evidence indicates that smokers who quit tobacco cigarettes completely reduce their risk of premature death to levels comparable to nonsmokers. 38, 39 However, the potential benefits of smoking reduction, as may be the case of dual use, are less clear. To date, significant health benefits from reducing the amount of tobacco cigarettes smoked have not been demonstrated with respect to various disease outcomes. 39 Although it is plausible that dual use could reduce individual risk if it results in substantial reductions in smoking, the threshold for meaningful reductions is unclear, particularly given that smokers may compensate for reductions in the number of cigarettes they smoke by smoking each cigarette more intensely. 39, 40 This is generally supported by the current findings, in which the differences between dual use and exclusive smoking were modest. Therefore, dual use is likely to have public health benefit to the extent that it leads to complete smoking cessation.
This study has several limitations. Participants' patterns of product use were based on self-reported data, which are subject to recall bias. Challenges associated with measuring patterns of e-cigarette use suggest that such measures may be subject to underreporting. which participants were not permitted to smoke tobacco cigarettes. Sensitivity analyses showed that accounting for "cheating" adjusted the levels of biomarkers of exposure in the expected direction. Furthermore, cheating in the vaping condition would lead to reducing differences between this condition and that of dual use; that is, the potential benefits of exclusive vaping were obtained despite cheating, implying that such benefits may actually be greater than the differences observed in this study. More broadly, although cheating reduced the study's internal validity, the study allowed for an investigation of product-switching behavior under real-world conditions, in which many smokers may not be able to achieve abstinence from smoking. Thus, a key strength of the study is its external validity, reflected in its naturalistic design and inclusion of experienced dual users using their own products.
The study findings have direct implications for public health policy. Public health authorities should acknowledge and clearly communicate differences in risk between smoking and vaping. Communicating the risk of using e-cigarettes relative to tobacco cigarettes should focus on two salient points: (1) e-cigarettes are not harmless, but they are less harmful than smoking tobacco cigarettes; and (2) using e-cigarettes while smoking may not necessarily reduce health risks; therefore, consumers should stop smoking completely to maximize potential health benefits. Although the communication of relative risk information is fraught with difficulties, public health authorities must rise to this challenge: consumers have a right to be accurately informed of product risks 42, 43 and e-cigarettes have become a permanent fixture of the market. 44 In the absence of evidence-based communication from public health authorities, consumers will rely on less credible information from industry-sponsored marketing, media, and anecdotal evidence. 
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